Non-(0001) GaInN QWs have been grown by low pressure MOVPE on side facets of triangular shaped selectively grown GaN stripes. By analysing low temperature photoluminescence and room temperature electroluminescence, we found strong indications, that both, In and Mg are less efficiently incorporated on these side facets compared to the common (0001) plane with even lower efficiency for stripes running along 1 1 00 compared to 112 0 . Nevertheless, we observed strong light emission from these quantum wells, supposed to be at least partly caused by the reduced piezo-electric field.
Introduction
The group III nitrides play an important role for light emitting devices, because their spectra reach from UV to visible wavelengths. High brightness LEDs and laser diodes have been fabricated. Due to their strong polarity, group III nitrides show large piezoelectric constants along the 0001 axis. Therefore strong piezoelectric fields (PFs) are induced in biaxially strained GaInN quantum wells (QWs) grown on such 0001 -oriented GaN. This gives rise to a spatial separation of the electron and hole wave functions what hampers their radiative recombination. A higher probability for radiative recombination can be expected for QWs grown along directions other than the most commonly used 0001 [1] , thus potentially leading to improved optical characteristics for light emitting devices. To this end, some groups have investigated the growth of a-plane structures on r-plane sapphire. However, up to now only lower quality layers with a large dislocation density could be grown [2] . Therefore, we have grown GaInN QWs on non-(0001) facets of selectively deposited GaN stripes with triangular cross-section, where we expect reduced PFs with still low defect densities, in order to evaluate their geometry and facet dependent optoelectronic properties.
Experiment
The samples under study have been grown by low pressure metal organic vapor phase epitaxy (MOVPE) in a conventional horizontal reactor. A 1.5 µm thick GaN template was grown first on c-plane sapphire, then was covered with a 200 nm SiO 2 mask by plasma enhanced chemical vapor deposition (PECVD) and structured by conventional optical lithography and reactive ion etching (RIE) to serve as regrowth mask. We patterned the SiO 2 with two stripe directions perpendicular to each other. The dimensions of the mask openings and mask periods ranged from 4 to 8 µm and from 6 to 300 µm, respectively. We generated silicon doped GaN stripes with triangular shape having {1122}-facets for 1100 -orientation and {1101}-facets for 1120 -orientation. Stripes between narrow masks developed a trapeze-like cross-section due to their locally lower growth rate. On these n-doped GaN stripes we have grown a period of 5 nominally 3 nm thick GaInN QWs, containing about 10% In, separated by 10 nm thick GaN barriers followed by a p-doped GaN top layer. For comparison, the same structure was grown without any Si and Mg doping. These samples have been characterized by scanning electron microscopy (SEM), photoluminescence (PL), cathodoluminescence (CL) both at low temeperature and electroluminescence (EL) at room temperature (RT).
Results and Discussion
SEM cross-section micrographs showed that the QWs were grown on the side facets of our stripes as well as on the top facet of the trapeze-like stripes. We found that the former were typically 2 to 3 times thinner than the top QWs, obviously due to strong interfacet material migration, first transmission electron microscopy studies confirmed these findings.
The dependence of the PL signal at 20 K on the mask stripe width of the undoped sample is shown in fig. 1 . We observed a red shift of the PL maximum for increasing mask width at fixed opening of 6 µm. Similar results have been obtained by CL spectra taken over these different stripes. This shift is probably due to the locally increasing growth rate as a consequence of the increasing mask area [3] , further enforced by the more efficient In incorporation with increasing growth rate [4] . Obviously, more In is incorporated into the QWs on the stripes running along the 1120 direction. For trapeze shaped stripes in 1100 direction, we find a second maximum of lower intensity at longer wavelengths ( fig.  2) .
We attribute the short wavelength emission to the GaInN QWs on {1122}-facets while the weaker emission at longer wavelengths stems from the GaInN (0001) top QWs. Comparable results have been obtained by Nishizuka et. al. [5] by PL microscopy. Due to the large wavelength difference observed in our samples, we think that this shift can only partly be attributed to the different PFs in these QWs, whereas their different thickness mentioned above and changed In incorporation may be also important factors. Even compared to unstructured (0001) reference QWs which emit at 421 nm, the signal of the top QWs is shifted to longer wavelengths confirming increased In incorporation. Probably, interfacet diffusion of In from the side facets to the top facet plays a major role.
For first electroluminescence (EL) experiments we deposited In and Ni/Au test structures on top of the stripes by e-beam evaporation after activation of Mg at 800
• C for 10 min in nitrogen ambient. The Ni/Au metallisation was annealed at 400
• C for 10 min in nitrogen ambient. Due to the large area of our p-type contacts, several stripes were excited simultaneously inhibiting EL studies on single stripes. Even with this simple contact geometry, we measured fairly large light output powers of nearly 1 mW at 20 mA ( figure 3 ). The fairly high resistivities of these structures may be explained by lower Mg incorporation efficiency into the side facets compared to the (0001) layers [6] . Similar as in PL, trapeze stripes in 1100 direction show two maxima ( fig. 4) . The higher intensity of the longer wavelength peak may support the hypothesis that the Mg incorporation is reduced on the side facets emitting at shorter wavelength. However, strong spectra obtained on pure triangular facets ( fig. 4 dotted line) demonstrate that also on these side facets pn junctions have been formed.
Conclusion
Our studies show that LED structures can be grown on side facets of selectively grown stripes with triangular cross-section. The observed strong light emission of GaInN QWs on these facets may be partly a consequence of the reduced piezo-electric field in these layers. By analysing different luminescence experiments, we conclude that the In incorporation efficiency depends on the stripe direction and is lower on these side facets as compared to the (0001) plane. We found some indications that the Mg incorporation follows similar trends. of University in Regensburg for TEM measurements.
